In the present analysis harmonic extensional wave propagation in a pre-stressed, incompressible, symmetric layered composite is considered. The bi-material composite consists of two isotropic elastic materials. The imperfect interface is simulated by a shear spring type resistance model that can accommodate the extreme cases of perfect bonding or a sliding interface. Using the technique of the propagator matrix, the dispersion relation is obtained. Four possible cases of dispersion curves that depend on the limiting shear wave speeds of the bi-material composite are discussed. The effect of the imperfect interface is more pronounced for low wave numbers.
Introduction
Elastic wave propagation in infinite layers has previously been discussed in the monographs of Achenbach [1] , Eringen and Suhubi [2] and Graff [4] , where it has been shown that there are two uncoupled modes of wave propagation, viz. symmetric mode (extensional waves) and antisymmetric mode (flexural waves). The effect of finite primary deformations on waves in elastic layers have been studied by Ogden and Roxburgh [6] and Rogerson and Fu [7] . Motivated by the wide usage of layered composites in engineering practice, wave propagation in pre-stressed layered composites have been considered by Rogerson and Sandiford [8] [9] [10] .
In general, layered composites are assumed to be perfectly bonded, although in practice due to defects in manufacturing or damage due to loading, the interface may be unable to perfectly transfer stresses due to displacement discontinuities at the interface. Such a case is considered in this paper where a shear spring type resistance model is used to simulate an imperfect interface. Both perfect bonding or a sliding interface can be accommodated by such a resistance model.
The basic theory and equations of incremental elastic deformations are given by Ogden [5] . The bi-material, symmetric composite is assumed to consist of isotropic incompressible elastic material. Four possible cases of dispersion curves that depend on the limiting shear wave speeds of the bi-material composite are discussed, for the case of extensional wave propagation.
Formulation of the problem
The layered incompressible composite shown in Fig. 1 consists of outer layers of identical isotropic material of thickness h and an inner layer of isotropic material of thickness 2d . 
Basic equations and harmonic wave solution
From the theory of incremental elastic deformations [5] (1), and the use of the incompressibility condition.
Propagator Matrix
T he solutions of Eq. (3) may be used with Eq. (2) to establish that
where and H are respectively, a vector of arbitrary constants and matrix which are independent of position x a 4 4 × 2 , and y(x 2 ) and E(x 2 ) are a displacement-stress ncrement vector and a diagonal matrix given by i 
where and
x dependent parts of the displacement and stress increments 1 2 , , u u 2 1 σ and 22 σ , respectively. 
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The matrix 2 2 (
is called propagator matrix [3, 10] , which is a function of wave number , phase speed and the distance v 2 2 x x − .
Equations (3)- (6) are equations for the outer layer. The equations for the inner layer are obtained from the previous equations by interchanging and denoting quantities associated with the inner layer by a tilde, for example and
Mid Plane, Boundary and Interfacial Conditions
Due to the symmetric properties of extensional waves, only the upper half of the composite is considered. The mid plane conditions and the boundary conditions at he surface can be written as t
a nd the continuity conditions at the interface between inner layer and outer layer are
The shear spring condition is introduced to the interface between inner layer and outer layer by
where k x and µ are the dimensionless spring constant and the Lamé parameter respectively.
Dispersion Relation
The propagator matrix with conditions in Eqs. (7)- (9) yield a system of four equations in four unknowns, from which the dispersion relation for extensional aves in an imperfectly bonded composite is obtained as w { } d k P P P P P P P P P P P P P P P P
w here the repeated indices i, j are summed from 1 to 4.
Considering the extreme values of shear spring stiffness x k i.e., the left part of the above equation is the dispersion relation for a perfectly bonded interface which agrees with Rogerson and Sandiford [8] , and when the right
part is the dispersion relation for a fully sliding interface. Thus, both extreme cases can be recovered from Eq. (10).
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The same materials used in [8] are used in the present analysis for the layered composite. Table 1 
From Eq. (12) it is seen that there are four different cases of dispersion curves which depend on limiting wave speeds of bi-material composite as shown in Table 2 ). Table 2 . Limiting velocities for large wave number for different material combinations 
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